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Cloning and characterization of the human osteopontin gene and its
promoter
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We isolated the human osteopontin (hOP) gene and the 5'
upstream region, and analysed its exon-intron structure and
potential regulatory sequences of the promoter region in com-
parison with those of the mouse and porcine gene. The coding
sequence is split into 7 exons which are similar to those of the
mouse gene, although the hOP gene is longer than the mouse
gene. The difference in length is mainly due to variations in
intron 3, which is - 2.7-fold longer than that of the mouse OP
gene. The 5' upstream region of the hOP, which is highly
conserved up to nucleotide - 250, contains a number of potential
cis regulatory consensus sequences. A series of sequentially 5'-
deleted chimeric clones was tested for the ability to stimulate
chloramphenicol acetyltransferase (CAT). Initial CAT analysis

INTRODUCTION

Osteopontin (OP) is a sialoprotein of - 298 amino acids which
contains a Gly-Arg-Gly-Asp-Ser (GRGDS) sequence and is a

highly hydrophilic and negatively charged structure, consisting
mainly of successive aspartic acids in the central region of the
molecule [1-5]. The roles of this uniquely structured protein in
cell adhesion and mineral binding have been reported [1,6-11].
Although expression of OP is not ubiquitous, OP is expressed

in a variety of cells, and shows diverse features of expression.
Constitutive expression of OP is found in bone, kidney, placenta,
nerve cells and macrophages, whereas inducible or enhanced
expression of OP is observed in T lymphocytes [12], epidermal
and bone cells and macrophages with a variety of agents; these
include the tumour promoter phorbol 12-myristate 13-acetate
(PMA), 1,25-dihydroxyvitamin D3, basic fibroblast growth fac-
tor, leukaemia inhibitory factor, tumour necrosis factor-a,
interleukin-1 [1,13-21], lipopolysaccharide and interferon-y.
Furthermore, OP is expressed in the neoplastic state [22]. These
results suggest that the expression ofOP is controlled by complex
regulatory systems, which could differ among cells.
We have previously cloned the mouse OP (mOP) cDNA and

gene, and deduced the amino acid sequence and structure of the
mOP gene [2,16]. We reported that the structure consists of six
exons, although another exon further upstream has been demon-
strated more recently [23,24]. A similar gene organization con-

sisting of seven exons was also suggested for the porcine OP gene
[25]. In this paper, we present the complete structure of the
human OP (hOP) gene and its 5' upstream sequence, and compare
its organization and potential regulatory sequences with those of
the mouse and pig. In addition, we have analysed regulatory

demonstrated that nucleotides at positions -474 to -270,
- 124 to -80, and -55 to -39 contained cis-acting enhancing
sequences in a human monocyte cell line, SCC-3, although the
- 124 to -80 region was much more active than other regions.
Deletion of the sequences between -474 and -270 localized this
cis region to the sequence at positions -439 to -410, whereas
the deletion between - 124 to -80 localized the regions to - 124
to - 115, and -94 to -80. Gel-shift analysis using as probes
synthesized double-stranded DNA corresponding to the 10 and
15bp region at positions -124 to -115 and -94 to -80
respectively revealed that each probe formed a major band com-
plexed with nuclear proteins prepared from SCC-3 cells.

elements for the constitutive expression of the hOP gene in the
human monocyte cell line SCC-3, which expresses strongly the
hOP gene.

EXPERIMENTAL

Materials
Restriction enzymes were purchased from Takara Shuzo Co.
(Kyoto, Japan), Toyobo Co. (Osaka, Japan), Bethesda Research
Laboratories (Gaithersburg, MD, U.S.A.), and Wako Pure
Chemicals Co. (Tokyo, Japan). Agarose, ultrapure DNA grade,
and the DNA-ligation kit were from Takara. A 5'-deletion kit
was obtained from Nippongene Co. (Tokyo, Japan). The radio-
active nucleotides [a-32P]dCTP (3000 Ci/mmol) and [y-32P]ATP
(6000 Ci/mmol) were obtained from Du Pont-New England
Nuclear. Chemicals used for DNA sequencing were obtained
from Toyobo Co. X-ray film (XAR-351) was obtained from
Kodak.

Cell lines and cell cultures
The human monocyte cell lines SCC-3 [26] and THP-1 [27], the
human B lymphoma cell line Raji [28], and the mouse macrophage
cell line HINS-B3 [29] were grown in Dulbecco's modified
Eagle's medium (DMEM) containing 10% (v/v) fetal calf serum.

Molecular cloning and sequencing
The hOP gene and the 5' upstream sequence up to -4 kb were
cloned from a bacteriophage A GEM-II human liver library
(Promega) using 32P-labelled cDNA containing the hOP- I insert,
which was isolated from a human kidney cDNA library

Abbreviations used: DTT, dithiothreitol; DMEM, Dulbecco's modified Eagle's medium; mOP, mouse OP; OP, osteopontin; PMA, phorbol 12-myristate
13-acetate; PMSF, phenylmethanesulphonyl fluoride; pOP, porcine OP; VDR, vitamin-D-responsive sequence; hOP, human osteopontin; CAT,
chloramphenicol acetyltransferase.

* To whom correspondence should be addressed.
The nucleotide sequences reported in this paper have been submitted to the DDBJ/EMBL/GenBank Data Bank with accession numbers D14813 (the

human osteopontin gene) and D14816 (5' upstream of the mouse osteopontin gene).
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(Clontech) using mOP cDNA [2] and contained sequence from
nucleotides position 177 to 878 [4]. Sequencing was performed by
the dideoxy-chain-termination method of Sanger et al. [30]. The
DNA sequence was determined by isolation and subcloning of
specific restriction fragments into either pUC1 18 or pUCl19
vector. The entire nucleotide sequence of the 5' upstream, exon
and intron was determined from both strands.

Si nuclease mapping
S1 nuclease mapping was carried out according to the method of
Berk and Sharp [31]. A single-stranded DNA corresponding to
the XbaI-XbaI (nucleotides -581 to + 260, 841 bp) fragment
containing the region from the 5' upstream to intron 1 of the
hOP gene was prepared using M13K07 phage as a vector. An
oligonucleotide, 5'-CTTGGTCGGCGTTTGGCTGAGAAG-
GCTGCA-3', which is complementary to positions + 61 to + 90
of the first exon of the hOP gene, was labelled at its 5' terminus
with [y-32P]ATP and T4 polynucleotide kinase. The XbaI-XbaI
fragment was annealed with the end-labelled oligonucleotide
primer. The annealed DNA was incubated with 400 uM dNTPs
and 10 units of the Klenow fragment of Escherichia coli DNA
polymerase for 30 min at 37 'C. The mixture was heated to 65 'C
for 5 min to inactivate the Klenow fragment, then chilled on ice.
After digestion with BamHI and alkali denaturation, the extended
primer was separated on alkali gel electrophoresis.

Total cellular RNA (50 ,ug from THP-l cells) was hybridized
for 16 h at 30 'C with the extended primer in 40 mM Pipes,
pH 6.4, 0.4 M NaCl, 1 mM EDTA and 80% (v/v) formamide.
Following hybridization, the reaction was diluted 10-fold with
S1 nuclease buffer (280 mM NaCl, 50 mM sodium acetate,
pH 4.5, and 4.5 mM ZnCl2) and 6 ,ug of salmon sperm DNA. S1
nuclease (300 units) was added and the reaction mixture was
incubated for 1 h at 37 'C. The reaction mixture was terminated
by addition of termination buffer (4 M ammonium acetate,
20 mM EDTA), and the DNA-RNA hybrids were precipitated
with ethanol, dissolved in the loading buffer, heated to 90 'C,
and resolved on an 6% (w/v) acrylamide/8 M urea sequencing
gel.

Primer extension analysis
The probe for primer extension analysis was a synthetic 30 base
single-stranded end-labelled primer used in the S1 nuclease
protection. The primer was annealed to the 50 ,ug of total cellular
RNA from THP-1 cells by heating the reaction mixture for 1 h
at 80 'C in 20 #1 of 80% formamide, containing 400 mM NaCl,
40 mM Pipes (pH 6.4) and 1 mM EDTA, followed by incubation
for 12 h at 30 'C. The resulting DNA-RNA hybrid was
precipitated in ethanol and dissolved in reverse transcriptase
buffer (50 mM Tris/HCI, pH 8.0, 20 mM 2-mercaptoethanol,
100 mM KCI, 10 mM MgCI2), 1 mM deoxynucleotides, 40 units
of reverse transcriptase and 60 units of RNAase inhibitor. After
1.5 h at 42 'C, the DNA-RNA hybrids were incubated with 1 ,ul
of 0.5 M EDTA and 1 ,ug of RNAase for 10 min at 37 'C, then
phenol-extracted, ethanol-precipitated, dissolved in loading
buffer [950% formamide, 20 mM EDTA, 0.0500 (v/v) Bromo-
phenol Blue, 0.05 % (v/v) Xylene Cyanol FF], heated to 90 'C,
and resolved on a 6 % acrylamide/8 M urea sequencing gel.

Construction of hOP-chloramphenicol acetyltransferase (CAT)
plasmids
SacI-StyI, EcoRI-StyI, XbaI-StyI, HindIII-StyI, BamHI-StyI,

corresponding to bases - 1206, -669, -582, -474, -270, -38
and -24 to + 90 of the 5' upstream and exon 1 sequence of the
hOP gene were prepared from a pUC1 18 clone containing the
3.5 kb Sacl-Sacl fragment of the 5' upstream, exon 1, intron 1,
exon 2, intron 2, exon 3, and intron 3 of the hOP gene. These
fragments were inserted into pUCI 19 vector. After propagation,
each insert was cloned into pSVmCAT vector containing a multi-
cloning site which was produced from the pSVOCAT vector. To
construct 5' deletion mutants, the fragments containing bases
-474 to + 90 and -270 to + 90 were linearized with XbaI and
KpnI and with BamHI and KpnI respectively. The resulting DNAs
were 5' deleted using a kit (Takara) according to the manu-
facturer's instructions. Briefly, the DNAs were digested with
exonuclease III. Aliquots (5 /ul) were removed at 1 min intervals
and mixed with 50 ,1 of 2 x Mung bean nuclease buffer. After
heating for 5 min at 65 °C, the samples were incubated with
Mung bean nuclease for 60 min at 37 'C. The 5'-deleted samples
were then digested with Klenow fragment, followed by T4 DNA
ligase treatment. To determine the extent of deletion into the 5'
end of the promoter, each mutant was sequenced as described
previously [31].-Each 5'-deleted DNA was digested with Sacl and
SphI, and inserted into pSVmCAT. Plasmid DNA was prepared
by alkaline lysis followed by two centrifugation steps through
CsCl to isolate supercoiled plasmid DNA.

DNA transfections and CAT assay

Plasmid DNA was transfected into the human monocyte cell line
SCC-3 and the human B lymphoma cell line Raji by electropora-
tion. Cells (4 x 106) in 0.8 ml of PBS were transfected in the
presence of 3 ,ug of relevant plasmids and 5 ,ug of DEAE-dextran
[32]. Electroporation was at 300 V with a capacitance of 500 and
250 4uF for SCC-3 and Raji cells respectively. After electropora-
tion, the cells were suspended in 8 ml of DMEM supplemented
with 100% fetal calf serum, seeded at 2 x 106 cells/plate, and
cultured for 48 h. Cells were washed three times with PBS, and
resuspended in 180 ,1 of 0.25 M Tris/HCl, pH 8.0. Extracts were
prepared by freeze-thaw and then centrifuged. Supernatants
were collected and assayed for protein according to the method
of Bradford [33]. CAT was assayed as described previously [34].
The extract was incubated with [dichloroacetyl-1 ,2-14C]chlo-
ramphenicol and 0.2 mg of acetyl-CoA for 1 h at 37 'C, and the
products were separated by t.l.c. CAT activities were corrected
for variations in transfection efficiencies, by co-transfecting the
pCH1 10 containing the ,-galactosidase gene and normalized
with respect to those obtained with pSV2CAT.

Oligonucleotides
Complementary oligonucleotides were designed and synthesized
on a Biosearch DNA synthesizer (Model 8700). The oligo-
nucleotides (10 ,tg of each strand) were annealed in a solution
containing 50 mM Tris, pH 7.5, 10 mM MgCl2, 5 mM dithio-
threitol (DTT), 10 mM spermidine and 1 mM EDTA, heated to
90 'C for 2 min, and cooled at 65 'C for 10 min, 37 'C for
10 min, and room temperature for 5 min.

Extract preparation
Nuclear extracts from SCC-3 and Raji cells were prepared as
described by Dignam et al. [35]. Briefly, - 2-4 x 108 cells were
harvested, pelleted, and lysed by 10 strokes of a Potter all-glass
homogenizer in ice-cold buffer (two packed-cell pellet volumes)
containing 10 mM Hepes (pH 7.9 at 4 °C), 1.5 mM MgCl2,
10 mM KCI, 0.5 mM DTT and antibiotics [0.5 mM phenyl-
methanesulphonyl fluoride (PMSF), 0.3 ,ug/ml leupeptinPstl-Styl, and Dral-Styl fragments containing the nucleotides
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Figure 1 Exon and intron organization of the hOP gene

Exons are boxed, filled boxes are coding regions, and open boxes are untranslated regions. Abbreviations for restriction sites: E, EcoRl; S, Sacl; X, Xbal; H, Hindlil; B, BamHl; P, Pstl; and
K, Kpnl.
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+34
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Exon 1CTCCGCCTCCCTGTGTTGGTGGAGGATGTCTGCAGCAGCATTTAAcATTCTCGGGAGGGCTTGGTTGTCWaC A aCG A
TCOGGACCAG&CTCG=CTAGOCCAGTTOCACCCTTCTCAaCCAAnaaCACOC aGAC TTCAGTTTGCTACTGGGTTGTGCATTCAGCTGAATT
**- Intron 1 (1083 bp) .....
CTATGAAGATGTCAGCTATTCCTTATGAAATATTTTGCAqAC TACCATOAGAATTGCAOTGATTTOCTTTTOCCTCCTACTCAccTaTo Exon 2

M R I A Y I C F CL L G IT C
-16

1234 CCATACC*TGAGTACAGTTGCATCTTAAAGAAAATTCCTGAAAATAACTGAATTGTGTGCTTCCATGTGCTAGGAGGACATTCTTGTAATCTTTCTTCA
A I P

2
*....Intron 2 (109 bp).....

1334 TCTTTTCTGTTTCTAA(*TTAAACAOGCTGATTCTGGAAWTTCTGAGGAAACAqGTAAGCATCTTTTATGTTTTTATATAGTTAATCATTTACTCAAT Exon 3
V K Q A D S G S S E E K Q
3 15

.... Intron 3 (2942 bp)*....
4234 CTATATnCTTCCATCAAGACTAGTGAAGAATGGTTGTTTTTTCCATTCATCCCTACATTTCTTTTTTTAAT GATAAACATGCAACTTTTTTGTAcT Exon 4

L
164334 TTACAACACChAATOCTOTa CaACATOCTAAACCCTQACCATCT M CTCCTACCCCCCGTATTTTTAAACTTCTCATAA

Y N K Y P D A V A T W L N P D P S Q K Q N L L A P Q
42

** Intron 4 (265 bp)*....
4634 TAGGCATGTGTGATGCGCACTAACACGTGCCATTCCTTCTTCA TGCTOTOTCCTCCTCTeCli TaACTTTA &CAAGAAGTAAGTTCTCATTT Exon 5

N A V S S E E T N D F K Q E
43 56

* ... Intron 5 (1039 bp).....
5734 TTTTCCCGGCCATCTTAATTTTCGACCCTT CCaTmCC cAATaTATOATCaGLTOATCCTCAACCATOTG Exon 6

T L P S K S N E S H D H M D D M D D E D D D D H V
57

5834 GACAGCCAGGACTCCAT?TGACTCGhAC&CTCTGAWATTTTAaATTA CACT0aTGATTCTCACC AGCTCTAATTCQATGAAaTCfTL
D S Q D S I D S N D S D D V D D T D D S H Q S D E S H H S D E S D

5934 AACTTCACTT ccaaTaaTAGToTaT
E L V T D F P T D L P A T E V F T P V V P T V D T Y D G R G D S V V

6034 TTATOGACTGAĈAAJ TCT^AC TCQ CCA!CCATAAATCCTTTAACAGACACACCTGATGGTTCTGACTAGCGCTCAAGTCTA

6734

Y G L R S K S K K F R R P D I Q
164..... Intron 6 (692 bp)....

AGCCGTTCATATAATTATTCTTCATTTGTGCCGTGATTC*TACCCTG GaTACAJACJAGCJLTOACCTCACACA GAGCGATAJTGO
Y P D A T D E D I T S H M E S E E L N G

165
6834 TOCATACACATcCC CTTaCT"TT TOGRATCATAT

A Y K A I P V A Q D L N A P S D W D S R G K D S Y E T S Q L D D Q
6934 AO$GT a AATCAGAaCAT^TA&GCATTCCsTTTTTATCAGQRACTTT

S A E T H S H K Q S R L Y K R K A N D E S N E H S D V I D S Q E L
7034 CCAAAaTCTTTC TATATTTOAAos CC CTOAAATT

S K V S R E F H S .H E F H S N E D M L V V D P K S K E E D K H L K F
7134 TCCAATTAGATsAaATAOCATTAsACARTCACT TTGTATC AA TOCTT

7234
7 334
74 34
7534

R I S H E L D S A S S E V N ***
298

TATAGAA CCTCUTTACTaTGAGSGTGCATATAACTAATT
aTTTGTTCTTaTT
AATaTTTTTATCTCSTC T ACTTTTACCACTTA AaaTAATTTTCTATAATC
^AhO!|TT^AATTT TTO!T ATTATC T_TTTTG AATCTTT^TATGTOAATOT i CeG*GTGTCAATT

Exon 7

Figure 2 Nucleotide sequence of the hOP gene

Numbering is relative to the transcription initiation site. The amino acid sequence deduced by translation of exons is shown below the nucleotide sequence. Amino acids of the signal peptide are
given negative numbers. Exons are indicated on the right-hand margin. Asterisks indicate the stop codon.

0.3 ,zg/ml antipain, 0.3 i.u./ml aprotinin, 0.5 mg/ml benzami-
dine, 0.1 ,ug/ml chymostatin and 0.7 ,tg/ml pepstatin]. The
homogenate was checked microscopically for cell lysis and
centrifuged for 15 min at 1500 g to pellet nuclei. The nuclear
pellets were resuspended in low-salt buffer containing 20 mM
Hepes, pH 7.9, 25 % (v/v) glycerol, 20 mM KCI, 1.5 mM MgCl2,
0.2 mM EDTA, 0.5 mM DTT and antibiotics as above. After
adding high-salt buffer (replacing 20 mM KCI with 1.2 M KCI)
with stirring gently on ice, the nuclei were pelleted by centri-
fugation for 30 min at 25000 g at 4 'C. The supernatant was

dialysed against 50 vol. of buffer containing 20 mM Hepes
(pH 7.9), 20% glycerol, 0.1 M KCI, 0.2 mM EDTA, 0.5 mM
DTT, 0.5 mM PMSF, 0.3 ,tg/ml leupeptin and 0.3 ,ug/ml anti-
pain overnight at 4 °C, then centrifuged for 20 min at 25000 g
and stored in aliquots at -80 'C.

Gel-shift assay

Gel-shift assays were performed as described with minor
modifications [36]. DNA probes consisted of synthetic oligo-
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nucleotides labelled with T4 polynucleotide kinase and [y_32P]
ATP. DNA probes were incubated with protein fractions at
room temperature for 30 min in 50 ,ul of binding reaction
containing 10 mM Tris, pH 7.5, 50 mM NaCl, 0.62 mM ZnSO4,

0.5 mM EDTA, 1 mM DTT, 5 % glycerol and 2 ,tg of poly(dI-
dC) (Pharmacia LKB Biotechnology Inc.). Binding reactions
contained 2 ng (2 x 104 c.p.m.) of probe and 20 ,ug of nuclear

extract. Binding reactions were terminated with 5 ,tl of 50 mM
EDTA containing 0.05 % (v/v) Bromophenol Blue, 0.05% (v/v)
Xylene Cyanol and 5% (v/v) glycerol. Mixtures were then
electrophoresed on 5 % acrylamide gels in 6.7 mM Tris, pH 7.9,
3.3 mM sodium acetate and 1 mM EDTA at 4 °C for 70 min at
170 V with buffer recirculation. Gels were transferred to filter
paper, dried, and autoradiographed.

RESULTS

Isolation of the genomic hOP gene and nucleotide sequence of OP Figure 4 Si nuclease mapping and primer extension analysis of hOP

genomic DNA mRNA

To isolate the genomic hOP clone, we screened the human liver
genomic DNA library with the hOP cDNA as a probe. From 106
recombinant phages, one positive clone, GOP-2, insert size
13 kb, was isolated and subjected to the restriction enzyme

mapping (Figure 1). The genomic sequence, determined as

described in the Experimental section, is shown in Figure 2. The

(a)
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(a) After digestion with S1 nuclease, as descfibed in the Experimental section, the protected
fragments were electrophoresed. Dideoxynucleotide sequencing reactions were electrophoresed
in parallel as markers. The arrowhead indicates the site corresponding to that of the most
predominant band in S1 nuclease mapping. (b) Total cellular RNA from THP-1 was annealed
to a 30-base oligonucleotide specific for a 5' region of hOP mRNA. The oligomers were extended
and analysed as described in the Experimental section. Dideoxynucleotide sequencing reactions
were electrophoresed in parallel as markers. The arrowhead indicates the 5' transcriptional site
(nucleotide + 1; see Figure 2).

hOP

0 1000

Figure 3 Dot-matrix analysis between the hOP, mOP and pOP genes

The plots were constructed using a computer program with standard parameters (match
> 14/21). The positions of the coding regions are indicated in filled boxes; a bold number shows
exon number. (a) The hOP gene versus the mOP gene. (b) The hOP gene versus the pOP gene.

coding region is split into 7 exons (Figures 1 and 2) like that of
the mouse [16,23,24]. The combined coding sequence of the gene

is almost identical with the published hOP cDNA sequences,

except for one nucleotide substitution (T for C) at position 817
[4].
The sizes of each exon and intron were roughly comparable

with those for the mOP gene except for intron 3, which was
- 2.7-fold longer than that of the mOP gene (Figure 3a). This
difference is attributable to an insertion of - 1750 bp immedi-
ately before exon 4 in the hOP gene.

Identffication of the 5' end of hOP mRNA

The transcription initiation site of the mOP gene contains tandem
AGC repeats [23], although initiation begins with the second
AGC tandem repeat. The nucleotide sequence of the hOP gene

also contains three AGC repeats in exon 1. Digestion with SI
nuclease resulted in major bands of 88, 90, 91, 93 and 97 nt
protected fragments (Figure 4a). The strongest band, corre-

sponding to the first nucleotide (A) of the triple repeats of the
AGC at 90 nt, was subsequently designated mRNA residue + 1

(Figure 2). To confirm that these S1-protected products indeed
represented the 5' end of the hOP mRNA, primer extension
analysis was next performed. The primer extension product from
this analysis revealed a major hOP fragment of 90 nt and several
minor bands. This main band, indicated by an arrowhead in
Figure 4(b), corresponded to the transcription initiation site
determined by S1 nuclease protection.

Nucleotide sequence of the 5' upstream of the hOP gene,
comparison of the 5' upstream and regulatory sequences with
those of the mouse and porcine OP gene

The 5' upstream sequence of the hOP gene and further upstream
sequence of the mOP gene, part of which had previously been
reported [23], were determined (the mouse sequence is not shown,
but is available, from GenBank/DDBJ, accession number

(a) (b)
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GAATTCACAAGCCTTTTCTCTGAGAGAGGCCTTGGGACTAGGAACTTTTTGAATGAGTGTAGAAGTCGGGAAGGAGACAATAGTGTCAACTTGGGATTGC
CTAAGGCAACAACAGAGCAAAACAAGAACGCTTTGGTTCTCTGGGTCTCTGTCCCTGATTGCATAGCGGGTCATTGTTGGGAATTTCCTCACCTGGCT-1 NF-IL6

-2067 ATTCCAAGAAATGGTGAGCTCC C TGTATATAGTCCTGTCATTAAATACAGGAGTGTTCTATCCCGCTGGAATTAAGAAAATTGGTAGAACCAGATT

E2A
-1967 GTGGTCTGAAATCTTTTZII 5^z& CTGCCATCGTGTGGCACTGCGGAGCTATGACCAGAAGAGTCCTGTAAAsQGTCGTATGGTCATCTCA&AM

NF-IL6 VDR-like CIF-1
-1867 GCTGGGCTCCAGCATAATCTATTCCTATAATTAATTCTAGCTTCATATTGAATCATTCCCGTGGGCACeAGTAAACTACAGTAAATCCTGTgg TT

AP3
-1767 TGTTGTTTTAGAATTTTCGGACTTCCCTCCACTAAATTGACAACATGACACGCTTATGCGnGTATGTTTAA&Qi&&PAAAaTAGTTTTTAGAAGCAGAAuffr ~~~~~~~~~PEA3
-1667 AAAAGAAGTCTATTTTGCAACTTTATAATCTGTGTGCTTnCTATTTTATAGbQMGTCGTCATCTTACTTATTAAAATgGGTGCTTATTACCTACAAAC

GATA-1 CF-i
-1567 CAATCATATCAATTCATCTGGAATACATCCAATTTAAGGGAGACATATTTCCCCCTACCAAATGTTCATGAAACCTATGAATTAGCTATACACTATCACT
-1467 GCAAGACATTATTTAATCTATATTTATATTA -TAATATTTGGC &gAAGCTGACACTTTAGGACTAATAAAAACCACAATTACTTTTGCAGCAA

PEA3
-1367 CCTAATAATAAATAGGACCATTTATTTTTCATCTCAATTACACACAAG AACAATAAAGGTGTAAGGTAAATAAATAGTGCAATCTGCATTTCACM

Mvb
CTGAGAAGCAAATGA-.T...MGTAATCTCAAGGCAATATTAAATATTTTAAMGGACCCAGAGCTCTGCTATCCCTGAATTCTGCTCTAATATTCGGACTG§ATA-1 -TCF-1
IRF- 1
TTCCCTGTAATTTTCTTTCATTCAGACACCTTTTAAATACCTAGTAAAGTGTTTTTTAATACAGATTTAATGTTCTTAGGGCCTA
CTTTACATACCTTGGGAGAAAAACTAGAA UAGTTCCAAAATCGAATCTGTTCCTTTAGAAATGTGCAAAATTTCCTTATTGATGCATACAATT

TAAAGATCTTACGTCTACTCTCATTTTAATAACCTGTTCTTTTAAAGGACATTACAATTCGTGACTGCCTGCCCCTCTTAAAAATTTCATAATAGTTAAC
CTCF

ACACATATAGTCCTTA&QUACGCAGAGCATTTGCATCTAATATGTGCTAAGCATTGCTAGTTTAACATACTAATTCATTTAAACCTAAAAACCCCA
GATA-1 CTCF

TGACCTAGGTAATAGTATTGCATTTCATGATGAGGGAACAAGGATAGGZAGGCTGGGCGATTTGCCCAAGGTTGCACAGGTCACAGTGAQjACGGA
SP1 VDR-like TCF-1

TCF-1,PPAR
ATTCAGAACCACGGTCTGGCTCCTGAAGCAGCCCTCTCAAGCAGTCATCCTTCTCTCAGTCAGAAACTGCTTTACTTCTGCAACATCTAGAATAAATTAC

CATTCTTCTATTTCATATAGAATTTTATATTTTAATGTCACTAGTGCCATTTGTCTAAGTAACAAGCTACTGCATACTCGAAATCACAAAGCTAAGCTTG
TCF-1-

AGTAGTAAAGGACAGAGGCAAGTTTTCTGAACTCCTTGCAGGCTTGAACAATAGCCTTCTGGCTCTTCAATAAGTACAATCATACAGGCAAGAGTGGTTG
CAQATATTACCTTTATGTTACTTAAACCGAAAGAAACAAAAATCCATTGTATTTAATTTTACATTAATGTTTTTCCCTACTTTTCCCTTTTTCATGGGA
GATA-1
TCCCTAAGTGCTCTTCCTGGATGCTGAATGCCCATCCCGTAAATGAAAAACTAGTTAATGATATTGTACATAAGTAATGTTTTACTGTAGATTGTQTG

AP2 TCCAGF-1C Myb
SIF

TGTWCTTGTT TTTSTTcTT AAcCAAAAccAGAGw.GGAAG.TGTGG;GAGCAGGTGGGCTGGGCAGTGGCAAAcTTAACTT

tlS-1

E4TF1 E2A
Spi
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Oct-1 CCMT-like
APN

TATA-like

Figure 5 5' upstream region of the hOP gene

Nucleotide positions are indicated at the left margin. The 5' end of the cDNA is designated as nucleotide +1 of the gene. Regulatory motifs are indicated below the sequence; an open square
is a cis region of hOP demonstrated by the present experiments.

1 2 3

18S -

Figure 6 Expression of hOP mRNA in cell lines

Total cellular RNA was electrophoresed on a 1.5% (w/v) formaldehyde gel, blotted on to a nylon
membrane, and hybridized with a 32P-labelled hOP cDNA probe. Lanes contained RNA from the

following sources: 1, SCC-3 cells; 2, THP-1 cells; 3, Raji cells.

D14816) and compared with each other and that of the porcine
OP (pOP) gene [25]. As shown in dot-matrix comparison (Figure
3b), the 5' upstream sequence of the hOP gene shows high
similarity with that of the pOP gene.
The 5' upstream sequence of the hOP gene contained a number

of potential regulatory sequences (Figure 5) [37]. Many TATA-
and CCAAT-like sequences were scattered over the 5' upstream
region. The vitamin-D-responsive sequence (VDR)-like motif
[37], which was very similar to those in the mOP and pOP genes
[23,25], was located at positions -1892 to - 1878 and -698 to
-684. GATA-1 was found at several positions, in which the
sequence corresponding to that at position -851 to -847 was

found in mouse and pig. The API sequence, TGACACA [38],
which was conserved in the mOP and pOP genes, was found at

position -78 to -72. Other ubiquitous or tissue-specific motifs

[37], including IRF-1, TCF-1, NF-IL6, CTCF, CF1, E2A, E2BP
Myb, SPI, PPAR, AP2, SIF, E4TF1 [39], Oct-I and Ets-1, were

widely distributed. PEA3, a primary target of signal transduction
for a variety of factors such as PMA, epidermal growth factor,
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Figure 7 CAT analysis of the hOP gene

(a) Autoradiogram of CAT activity in extracts from SCC-3 cells transfected with various hOP-CAT fusion genes. A series of chimeric plasmids was constructed and transfected into SCC-3 cells.

CAT activity expressed in a transient assay was measured. pSV2CAT contains simian virus 40 promoter only; 145CAT contains nucleotides -145 to +90; 139CAT contains nucleotides -139

to +90; 124CAT contains nucleotides -124 to +90; and so on. (b) Expression of 5' deletion mutants of the hOP-CAT fusion gene in SCC-3 and Raji cells. A series of chimeric plasmids

was constructed and transfected into SCC-3 and Raji cells: filled columns are CAT activities in SCC-3 cells; shaded columns are CAT activities in Raji cells. Nucleotide positions are indicated

above the underline. The data represent the means of three independent transfections.

serum and oncogene products was found at positions - 1695 to
-1690, and - 1418 to - 1413.

CAT analysis of transcriptional regulatory regions upstream of the
hOP gene

We examined expression of the hOP gene in SCC-3, THP-1 and
Raji cells using the hOP cDNA as probe. SCC-3 and THP-1
expressed the hOP gene, whereas Raji did not (Figure 6). Next,
we linked a series of upstream hOP gene fragments to the coding
region of the CAT reporter gene to delineate the regions essential
for transcription of the hOP gene (Figure 7). The 55 bp region
was capable of directing a significant level of CAT synthesis in
SCC-3 cells, although the region including 38 bp immediately
upstream of the transcription start site showed no activity. The
relative amount of reporter gene expression decreased by in-
cluding additional 5' sequences up to -79. Elongation of the 5'
upstream sequence up to -124, however, increased markedly
the reporter gene expression in SCC-3 cells, although 107 CAT

and 114 CAT (i.e. CAT sequences including positions up to
- 107 and -114) showed no CAT activity. A further stretch of
the upstream sequence diminished the reporter gene expression,
although marginal increase in the expression was observed by
elongating the upstream sequence up to -474. Further
elongation of the 5' upstream sequence diminished reporter gene

expression.
These results indicate that the 5' flanking region at position

- 124 to -80 contains cis regulatory sequence specific for SCC-
3 cells. Deletion of the sequence between 124 to -80 localized
the cis region within the sequences at positions 124 to 115,
-114 to -105, -104 to -95, and -94 to -80, although the
sequence at position 104 to -95 might have no cis activity,
because the activity of 104CAT does not exceed that of 94CAT

(Figure 7). The sequence at position 107 to - 105 could
contain part ofthe negative cis region, because 107CAT abolished
CAT activity.
We next tested CAT activities of 124CAT, 104CAT and

94CAT in HINS-B3 cells and found that these CAT clones
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ACA, corresponding to positions - 124 to -1 15, -114 to - 105,
-104 to -95, -94 to -80, -88 to -76, and -82 to -72,
designated A, B, C, D, E and F respectively (Figure 8a). Each
oligonucleotide formed a major band with nuclear extracts from
SCC-3 cells. The band formed with probe A was competed out
with corresponding unlabelled oligonucleotides (results not
shown), but not unrelated ones (Figure 8b). The bands formed
with probes B and C were identical and also competed out with
corresponding unlabelled oligonucleotides (results not shown),
but not unrelated ones (Figure 8b). The bands formed with
probes D and E had identical electrophoretic mobility, although
the band formed with probe D was weaker than that formed with
probe E (Figure 8b). Probe F formed a very weak band. The
major band formed with probe E was not competed with
unlabelled F and A (results not shown). The BamHI-site GATC
introduced at the 5' end of each probe had no effect on gel-shift
analysis because no bands common to all probes were formed.
These results suggested that the nucleotide position (G)AAAAC
was involved in the formation of the major band. Each of the
probes A-F formed a weak band with nuclear extracts from Raji
cells which showed little or no CAT activity. The electrophoretic
mobilities of all these bands, however, were different from those
with nuclear extracts from SCC-3 cells (results not shown).

Figure 8 Gel-shift and competiton assays

(a) The sequences conserved between the hOP, mOP and pOP genes in the 5' region, and the
synthetic oligonucleotides used in gel-shift and competition assays. Consensus E4TFM, E2A, Spl,
Oct-i, AP1 and CCAAT-like motifs are underlined. Asterisks indicate identities, and dashes
indicate gaps. The letters A-F indicate the sequences used in gel-shift and competition assays;

sequences are numbered relative to the transcription start sites of each gene. (b) Gel-shift and
competition assays. 32P-labelled probes A-F were incubated with crude nuclear extracts from
SCC-3 cells in the absence or presence of unlabelled competitors.
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Figure 9 Effect of PMA on the expression of various hOP-CAT fusion
genes in SCC-3 cells

A series of chimeric plasmids was transfected into SCC-3 cells. CAT activity in a transient assay
was measured. pSV2CAT contains simian virus 40 promoter only; 124CAT contains nucleotides
-124 to + 90; 79CAT contains nucleotides -79 to + 90; 55CAT contains nucleotides
-55 to + 90.

showed significant CAT activities, although the levels of the
activities were low (results not shown).

Gel-shift analysis of protein(s) that specifically binds to the cis
regulatory region
Gel-shift assays were performed using a series of synthetic
oligonucleotides GATCGGGGAAGTGT, GATCGGGAGCA-
GGT, GATCGGGCTGGGCA, GATCGTGGCAGAAAAC-
CTC, GATCGAAAACCTCATGA, and GATCCTCATGAC-

Effect of PMA on hOP promoter driven CAT expression
Finally, we compared CAT activities, using the 1206CAT,
582CAT, 439CAT, 270CAT, 124CAT, 79CAT and 55CAT
clones in the presence of PMA (100 ng/ml). PMA, however,
showed no effects in these CAT transfectants 3 and 16 h after
stimulation. Some of the data are shown in Figure 9.

DISCUSSION
The nucleotide sequence of the hOP gene is considerably different
from that of the mOP gene, as dot-matrix analysis revealed. The
most extreme difference is that in intron 3 of hOP, which has a
nucleotide insertion of - 1.8 kb. Considerable differences are
found in exon 1 and intron 1 between the mouse and porcine
genes. A region (- 285 bp) immediately upstream of the hOP
cap site was highly conserved. In contrast, a region further
upstream of the hOP gene showed no similarity to that of the
murine gene. The 5' upstream sequence ofthe hOP gene, however,
shows a significant similarity with that of the pOP gene. There
are multiple potential consensus regulatory sequences in the OP
genes. The numbers of consensus sequences shared by three
species, however, are relatively few.
The hOP gene contains a TATA-like sequence, TTTAAA, at

position -27 to -22, which had been reported in the mOP and
pOP genes. CAT analysis, however, showed that 38CAT had no
CAT activity in SCC-3 cells, suggesting that the TATA-like
sequence is not functional, although further deletion of the 5'
sequence of 38CAT might reveal CAT activity. Instead, elonga-
tion of the 5' upstream sequence up to -55 demonstrated slight
CAT activity. This region contains an Ets-l-binding sequence.

Several 5' upstream regions of the mOP gene have been
reported to be responsible for constitutive and inducible ex-
pression [23,40], of which the region at position -543 to + 79
shows the strongest activity when tested in a murine epidermal
cell line JB6. Activities directed by these regions are enhanced by
PMA [23]. Since the mOP gene is not normally expressed in JB6,
the authors suggest that transcription from the mOP promoter is
normally repressed or controlled at the post-transcriptional level.
CAT analysis for the promoter region of the pOP gene revealed
that a region at position - 180 to + 51 has markedly high
promoter activity in calvarial bone cells [25]. CAT analysis of the
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5' upstream region of hOP revealed that regions at positions
- 124 to -1 15 and -94 to -80 accommodate strong cis
regulatory sequences in SCC-3 cells, whereas the region at
position -439 to -409 has a low level of cis activity. Nucleotide
sequences of the major regions were highly conserved and showed
cis activities in HINS-B3 cells, suggesting that the major cis-
acting sequences are also important in other species.

Probe A formed one band, which may be the band related to
E4TFI. Probe B formed one band which could be that formed
with a negative regulatory factor. Probe C formed a band which
was possibly the band associated with SPI, although the electro-
phoretic mobility of the band appeared identical with the band
formed with probe B. However, the role of SPI is uncertain
because 104CAT did not confer additional CAT activity to
94CAT, and 107CAT abolished CAT activities. Thus, the region
immediately downstream at position - 107 to - 105 is also likely
to operate as a negative cis sequence. The bands formed with
probe D were competed out with competitor E, and vice versa.
These bands were not competed out with competitor F. There-
fore, these results suggest that (G)AAAAC is important as a cis
sequence. Since the signal intensities of the bands formed with F
were less marked, involvement of Oct-l may be minor or even
non-existent. Taken together, these data suggest that (G)AAAAC
could play a major role in the promoter activity in the hOP gene
in SCC-3 cells. The region at position - 124 to - 115 containing
the E4TF1 site may act to suppress the negative regulatory
region between - 107 and - 105.
The experiments described herein have demonstrated that the

conserved APl site at position -78 to -72 is not responsible for
enhancement of CAT activity in SCC-3, although it is bound by
a nuclear protein. 124CAT and 55CAT also showed no PMA
inducibilities. CAT clones containing further upstream elements
had no CAT activity (results not shown). VDR-like motifs are
found at positions -698 to -684 and - 1892 to - 1878, and
have been reported to be functional in mOP and pOP respectively
[25,40]. Whether these sequences are functional in the hOP gene
remains to be clarified.

This work was supported by grants from the Mitsuiseimei Kosei Jigyodan, and
Ministry of Education, Science and Culture (no. 05670201).
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